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ABSTRACT
Administration routes for antimicrobial agents used in clinical practice include the topical, inhaled,
enteral and parenteral routes. An antibiotic administration route used frequently worldwide, although
not well-studied, involves the irrigation of wounds with antibiotic-containing solutions for the
prevention and treatment of infections. This review considers the data available from various
experimental and clinical studies in order to provide an update on the use of antibiotic-containing
solutions in modern clinical practice. Although irrigation with antibiotic-containing solutions has been
suggested to be beneficial in the prevention or treatment of infections in several settings and patient
populations, no firm, evidence-based recommendations can be made regarding its use until additional
data from well-designed, randomised clinical trials become available. Current exceptions include
empyema following lobectomy, or pneumonectomy and pyocystis (vesical empyema), since irrigation
with solutions containing antimicrobial agents seems to be a crucial component of the management of
these conditions.
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ANTIBIOTIC-CONTAINING
SOLUTIONS FOR THE PREVENTION
OF INFECTIONS
General
Antimicrobial agents are sometimes used locally
at the site of major or minor surgical procedures in
order to prevent infection of the wound site.
Although saline irrigation can succeed in remov-
ing debris, foreign material and blood clots, which
often contain bacteria, from a surgical wound, it
does not suffice to eliminate bacterial contamin-
ation. For this purpose, antibiotics have been
instilled directly into wounds or used in irrigation
solutions. The use of topical antibiotics, instead of
antiseptic solutions, has the advantage of avoiding
tissue destruction caused by antiseptics. However,
this approach increases the risk of allergic reac-
tions and development of bacterial resistance.
In 1977, Halasz [1] analysed data obtained in
13 experimental studies and 19 prospective and
retrospective clinical studies. It was concluded
that the application of carefully selected topical
antibiotics to surgical wounds, particularly those
with a high risk for development of infection,
should diminish significantly the associated
infection rate. However, in 2001, Anglen [2]
considered that, although antibiotic irrigation
appeared to be effective in experimental studies
with some types of animal wounds, human
clinical data were unconvincing because of poor
study design.
Experimental studies
Several models have been used to investigate the
pathophysiology of surgical wound infection.
Casten et al. [3] conducted experiments in which
incisions made in rabbit muscle were first con-
taminated with bacteria and then treated topically
by irrigation with different solutions. While 93%
of wounds irrigated only with saline became
infected, irrigation with a penicillin-containing
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solution reduced the infection rate to 10%. Glot-
zer et al. [4] performed experiments with guinea-
pigs, in which wounds were inoculated with
known numbers of bacteria, and then irrigated at
various time-points with normal saline, neomy-
cin, neomycin plus bacitracin, or neomycin plus
bacitracin and polymyxin. All untreated control
wounds became infected, and irrigation with
saline had no prophylactic effect. However, top-
ical irrigation with antibiotic agents reduced the
infection rate, and no infection was detected when
the triple antibiotic mixture was used.
An animal model used to compare the effect-
iveness of intravenous and topical antibiotics
showed that both approaches were equally effect-
ive in reducing bacterial wound content and
infection rates [5]. Combined use of both modes
of delivery resulted in an additive benefit only
when there was a high level of wound contam-
ination (1012 CFU). Another animal model, of
contaminated osseous wounds in dogs [6],
showed that there was no clinical evidence of
infection in wounds irrigated with bacitracin-
containing solution, and that the number of
positive cultures was reduced significantly com-
pared with dogs that received no treatment or
whose wounds were irrigated with saline solution
only.
Sutured lacerations
The effect of topical antibiotics on the rate of
wound infection has been studied in trauma
patients and following surgical wounds in either
clean or clean contaminated conditions. In the
presence of lacerations, a standard component of
wound care involves irrigation with saline and
antiseptics in order to remove debris and lessen
bacterial contamination. In a controlled, double-
blind trial of 260 lacerations that required suture,
Lindsey et al. [7] found that additional irrigation
with penicillin-containing solution was superior
(p < 0.001) to irrigation with saline alone with
respect to the prevention of infection, as estimated
by a single observer.
Clean surgical procedures
A study by Maurice-Williams and Pollock [8]
evaluated the infection rate of neurosurgical
wounds. Patients in the group who received
topical irrigation with antibiotic-containing solu-
tion in addition to intravenously administered
antibiotics (1173 clean neurosurgical procedures)
had an infection rate of 0.42%, compared with an
infection rate of 3.96% (p < 0.001) among patients
in the control group (303 procedures), who
received only parenteral antibiotics. Similarly,
intra-operative wound irrigation with antibiotics,
as used in vascular surgery, reduced the incidence
of early and late post-operative infections. Lord
et al. [9] showed that the rate of in-hospital wound
infections in 685 patients without antibiotic lavage
was 0.73%, compared with 0% among 760
patients whose wounds were irrigated with anti-
biotic solution (p 0.024).
Bozzetti et al. [10] reported that the topical
use of antibiotics may be beneficial following
clean procedures in oncological surgery. Patients
in the study group were selected randomly to
receive ampicillin irrigation of the wound before
closure. The rate of wound infection in 210
patients receiving irrigation with the antibiotic-
containing solution was 1.9%, compared with
5.7% in 210 patients who did not receive
irrigation (p 0.071).
In other clean surgical procedures with a low
probability of infection, such as inguinal hernia
repair and varicocelectomy, the use of intraven-
ous antibiotics is not generally recommended,
since the risks, including the rate of systemic
adverse reactions, may outweigh the benefits. In a
retrospective review of a series of 1654 male
patients who underwent 2554 microsurgical var-
icocelectomies (900 bilateral) performed by a
single surgeon, no cases of wound infection
occurred following the use of topical povidone–
iodine and ethanol 70% v ⁄ v combined with
perioperative neomycin irrigation at the operative
site [11]. Based on these observations, the upper
95% CI for the infection rate in this population
was £ 0.2% with the use of antibiotic irrigation. In
addition, no topical reactions to neomycin were
observed.
Clean contaminated and contaminated surgical
procedures
Charalambous et al. [12] sought to determine
whether topical ampicillin reduced the rate
of wound infection in clean contaminated or
contaminated surgical procedures, such as appen-
dicectomy and colorectal surgery. Based on a
meta-analysis of data from the MedLine and
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Cochrane databases, it was concluded that topical
ampicillin reduced the infection rate in clean
contaminated and contaminated wounds signifi-
cantly, compared with no antimicrobial prophy-
laxis. However, topical ampicillin did not confer
any additional benefit compared with antibiotics
administered intravenously.
Moesgaard et al. [13] conducted a random-
ised, controlled clinical trial, in which 190
patients with peritonitis at the time of abdom-
inal surgery were studied. One group of
patients was treated with systemic antibiotics
only, while a second group of patients received
systemic antibiotic treatment combined with
topical application of antibiotics in the wound
at the time of wound closure. However, no
significant difference was found between the
two treatment groups with respect to the rate of
wound infection (p > 0.80).
Intraperitoneal antibiotics
The effectiveness of peritoneal lavage with anti-
biotic solutions for the prevention of post-opera-
tive infection is controversial. The effect of
intraperitoneal administration of cefazolin and
tetracycline on the formation of adhesions has
been studied in a rat model [14]. Two weeks after
midline laparotomy and instillation of antibiotics,
the animals were killed humanely. In contrast to
the control group, the antibiotic-irrigated animals
showed a statistically significant increase in adhe-
sion formation and mesothelial thickening of the
parietal mesothelium.
Antibiotic therapy in patients with blunt
abdominal trauma remains an area of investi-
gation. Yelon et al. [15] investigated the effect of
intraperitoneal administration of kanamycin in
patients who underwent diagnostic peritoneal
lavage according to advanced trauma life sup-
port guidelines. In the control group, 29 patients
underwent peritoneal lavage with a saline solu-
tion, while in a second group of 40 patients,
kanamycin was instilled intraperitoneally in-
stead of the saline solution. Of the patients
who received kanamycin, 27.5% experienced
complications caused by infection, compared
with 65.5% of the control patients (p 0.003).
The procedure also decreased the length of stay
in the intensive care unit and the length of
hospital stay. The mortality rate was 13% for
both groups.
ANTIBIOTIC-CONTAINING
SOLUTIONS FOR THE TREATMENT
OF INFECTIONS
General
Apart from their use in the prevention of infec-
tions, antibiotic solutions have also been used for
therapeutic purposes with established infections.
Irrigation with antibiotic solutions has been
employed in cases of sternal wound infection
and mediastinitis, which constitute rare but
serious complications of sternotomy. An empy-
ema formed after lobectomy or pneumonectomy
would be difficult to treat without the use of
topical antibiotics. In addition, intraperitoneal use
of antibiotics has been tested in cases of perito-
nitis. The need for an increased topical antibiotic
concentration in patients with prosthetic joint
infection can be satisfied by means of an implan-
table pump that delivers the medication locally.
Also, irrigation with antibiotic solutions has
proved to be useful for patients with pyocystis
or funguria.
Sternal wound infection—mediastinitis
Sternal wound infection is a relatively rare, but
serious, complication of open-heart surgery. If
the surgical site infection extends into the medi-
astinum, then mediastinitis results. Acute media-
stinitis has a reported incidence of < 1%, but a
mortality rate of 20–50%. Open wound treatment
is an aggressive method, which has the dis-
advantage of requiring persistence of the wound.
Closed techniques are usually preferred, espe-
cially during the early phase of mediastinitis.
Such techniques include irrigation with antisep-
tics or antibiotics, and drainage. In addition,
muscle flap reconstruction may be used to
restore blood flow to the infected area. Even
with these modalities, the single most important
component determining the success of therapy is
complete debridement of infected and necrotic
tissue.
Retrosternal antibiotic irrigation was first
reported in the 1960s [16,17]. However, acute
wound infection presenting immediately after
surgery must be differentiated from chronic or
recurrent infection presenting months or years
later. Many reports have failed to make such a
distinction, thus leading to contradictory results.
Acute mediastinitis should be treated with surgi-
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cal debridement and mediastinal irrigation. Mul-
tiple irrigation and drainage catheters are consid-
ered superior to a single drain [18]. Antibiotic
solutions and povidone–iodine have been used
extensively for irrigation purposes. There are no
clinical trials comparing the effects of iodine with
those of antibiotic solutions for sternal wound
infection. Case reports warn of suspected local
and systemic iodine toxicity. Glick et al. [19]
reported the death of an infant aged 34 months
following absorption of toxic quantities of iodine.
Following experiments in dogs, it was concluded
that the absorption of iodine during continuous
mediastinal irrigation follows zero-order pharma-
cokinetics, just as if it was being given by
continuous intravenous infusion [20], and it was
suggested that the use of iodine should be
avoided in cases of post-surgical mediastinitis.
Nevertheless, antibiotics may also be absorbed
after closed-chest irrigation [21]. Therefore, con-
tinuous monitoring of the patient is mandatory.
Thoracic empyema
Infectious agents can invade the normally sterile
pleural space, leading to the development of
empyema. Adequate levels of antibiotics are
usually achieved in empyema fluid following
intravenous administration, thereby obviating the
need for instilling antibiotics directly into the
pleural space. However, empyema after pneu-
monectomy should be treated differently. This is
an extremely serious complication, with an inci-
dence of 1–3% following lobectomy, and 2–13%
following pneumonectomy. In such cases, it is
impossible to eliminate the space containing the
infection and, consequently, it is difficult to
sterilise the pleural space. A concomitant bron-
chopleural fistula is identified in > 40% of
patients, and treatment is much more complicated
in these cases.
The initial steps of treatment include tube
thoracostomy drainage and the intravenous
administration of antibiotics. Hollaus et al. [22]
treated empyema by videothoracoscopic debride-
ment of the post-pneumonectomy space, with
post-operative antibiotic irrigation of the pleural
space. Previously, a concomitant bronchopleural
fistula was closed with bronchoscopic sealing
to avoid aspiration of the instilled solution.
Immediately after videothoracoscopy, antibiotic
irrigation was started, according to in-vitro sus-
ceptibility test results, through the chest tube
drains twice-daily. After instillation of antibiotics,
the drain was kept clamped for 3 h. The patient
was encouraged to change position or to walk
around so that the entire cavity was irrigated.
Saline irrigation would have the disadvantage of
a higher rate of microbial growth and recurrence
of empyema. Culture samples were obtained
twice a week. Empyema was considered to be
eradicated if three subsequent cultures showed no
bacterial growth. After the above-mentioned
manipulations, a serothorax developed, which
led eventually to a fibrothorax.
Ben-Nun et al. [23] described a similar
approach for post-pneumonectomy empyema.
After chest tube thoracostomy, intra-pleural
fibrinolytic agents were instilled in order to
reduce loculations and to facilitate drainage. The
pleural space was then irrigated with povidone–
iodine in normal saline solution. After each
irrigation procedure, an antibiotic solution (con-
taining either vancomycin or amikacin) was
instilled and the catheter was clamped for 1 h.
The treatment protocol was repeated in cases of
recurrent infections. The patients were followed
on an outpatient basis. The tube was replaced
monthly, and removed when complete, or near
complete, space obliteration was observed and
the fluid was sterile. The average duration of
drainage was 11 months (range 3–16 months).
Peritonitis
The effect of intraperitoneal antibiotic lavage in
cases of peritonitis has been studied mainly in
animal models. Hau et al. [24] treated infected rats
with various combinations of systemic antibiotics,
peritoneal irrigation with normal saline solution,
and irrigation with a solution of cephalothin.
Peritoneal irrigation with normal saline solution
or cephalothin alone was ineffective, even though
cephalothin inhibited the in-vitro growth of all
bacterial species isolated during the free stage of
peritonitis. In contrast, systemic antibiotics alone
or combined with peritoneal irrigation improved
survival significantly. Ablan et al. [25] studied
faecal peritonitis in a rabbit model. Parenteral
cefotetan reduced mortality to 50% (p < 0.05),
while parenteral cefotetan plus irrigation of the
peritoneum with normal saline reduced mortality
further to 21% (p < 0.05). However, parenteral
cefotetan plus irrigation with cefotetan solution
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reduced mortality to 14% (not statistically signi-
ficant).
Nomikos et al. [26] randomised 101 suitable
patients with peritonitis of diverse origin into
two groups. In the first group of 50 patients, the
abdomen was washed with normal saline solu-
tion following surgery, and 2 g of chloramphen-
icol was introduced before abdominal closure.
In a second group of 51 patients, the abdomen
was washed, but chloramphenicol was not
instilled. All patients were given chloramphen-
icol intramuscularly either pre-operatively or
intra-operatively, and for 3 days immediately
following the operation. Chloramphenicol has a
stimulating effect on peritoneal macrophages in
vitro, so it was thought that it may stimulate
peritoneal defences. The results were signifi-
cantly better for all parameters studied in the
group of patients who received chloramphenicol
locally. It was suggested that the combination of
washing and local antibiotics was superior to
washing alone; in addition to its parenteral
administration, chloramphenicol was of consid-
erable value if instilled in the area of peritonitis
after washing.
Prosthetic joint infection
Systemic antibiotics are used for treatment of
septic arthritis. Additionally, aspirations of the
joint fluid should be performed on a daily basis,
or as often as necessary, together with irrigation
of the joint or arthroscopy. Local administration
of antibiotics has been tested with prosthetic
joint infection. Antibiotics can be delivered
locally to treat acute or chronic infections of
arthroplasties. In a closed system, a high con-
centration of antibiotic solution is delivered to a
localised area by means of an implantable
pump. Maximum antibiotic effect is achieved,
and the risk of systemic complications is elim-
inated. In a study of 22 patients by Davenport
et al. [27], local concentrations of antibiotic
exceeded the relevant MICs in all cases by
eight- to-10-fold. Seventeen of 20 patients were
considered to be free of infection during a
follow-up period of 30 months, and there were
only three therapeutic failures. It has been
suggested that this method is successful in
obtaining long-term suppression of infection.
The complications unique to this method are
pump-site and catheter-site infections.
Urinary bladder infection
Patients with a non-functioning bladder, e.g.,
following anuric renal failure or resulting from a
surgically by-passed bladder, are prone to a
severe form of urinary tract infection, termed
pyocystis or vesical empyema [28,29]. Apart from
drainage of the accumulated pus, systemic anti-
biotics are required for treatment. However, these
modalities are often insufficient, and intra-vesical
antibiotics may be required in addition to medi-
cation administered systemically. An important
consideration is that parenteral antibiotics may
prevent or treat concomitant bacteraemia. In fact,
catheterisation and irrigation may induce bacter-
aemia. Resistant or recurrent pyocystis must be
treated by interventions, such as suprapubic
cystostomy or cystectomy [30,31]. Appropriate
medical management may obviate the need for a
surgical procedure [32].
In debilitated patients, persistent funguria is
encountered commonly. Use of indwelling cath-
eters, prolonged administration of systemic
broad-spectrum antibiotics, diabetes mellitus,
immunosuppression and urological abnormalities
constitute the main risk-factors. Removal of the
catheter, or discontinuation of the antibiotics, may
resolve the funguria. However, bladder irrigation
with an antifungal solution is mandatory in
resistant cases. Amphotericin B and azoles have
been tested and shown to be effective [33–35]. The
role of nystatin is limited because of poor colloi-
dal dispersion. In a review of studies from 1960 to
1991 [35], bladder irrigation with amphotericin B
appeared to be the most effective treatment for
uncomplicated funguria, while ketoconazole was
least effective. It was considered that no conclu-
sions could be reached regarding the treatment of
uncomplicated funguria until prospective, well-
controlled studies were performed. Indeed, the
specifics of the current procedure, namely con-
centration of the antifungal agent, use of continu-
ous washing vs. instillation with cross-clamping
to allow ‘dwell-times’, and duration of treatment,
are based entirely on anecdotal experience.
CONCLUSIONS
Irrigation with antibiotic solutions has been used
for prevention or treatment of infections in sev-
eral settings and patient populations worldwide.
However, a critical review of the literature does
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not provide supportive evidence for the use of
this technique. Randomised clinical trials will be
needed to obtain data regarding the effectiveness
and toxicity of antibiotic irrigation. Until such
data are available, this mode of administration of
antimicrobial agents may be not justified, except
for patients with empyema following lobectomy
or pneumonectomy and pyocystis (vesical empy-
ema).
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